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ABSTRACT

A froth flotation method is provided for removing carbon
from fly ash which utilizes an environmental friendly con
ditioning agent. The conditioning agent preferably com
prises a biodegradable oil which is added to a slurry con
taining raw fly ash and water. The conditioning agent
renders the carbon in the fly ash hydrophobic such that upon
aeration of the slurry, air bubbles attach to the carbon
particles and carry' them to the surface of the slurry in the
form of a froth, such that the carbon may be removed.

6 Claims, 1 Drawing Sheet
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METHOD OF REMOVING CARBON FROM
FLY ASH

SUMMARY OF THE INVENTION

CROSS REFERENCE TO RELATED
APPLICATIONS
This application claims the benefit o f U.S. provisional
application Serial No. 60/092,599, filed Jul. 13, 1998.

The present invention meets that need by providing a
froth flotation method for removal of carbon from fly ash
5 which utilizes an environmentally friendly conditioning
agent which contains no toxic aromatic compounds. The
resulting fly ash has a low carbon content which allows its
use in concrete and related applications, and the recovered
carbon may also be used in a number o f applications.

BACKGROUND OF THE INVENTION

According to one aspect of the present invention, the
10
method includes the steps o f mixing raw fly ash containing
The present invention relates to a froth flotation method of
carbon with water to form a slurry. Preferably, the slurry
removing carbon from fly ash, and more particularly, to an
comprises from about 0.1 to 70% by weight fly ash and from
improved method which utilizes an environmentally
about 30 to 99% by weight water. A conditioning agent
friendly conditioning agent to aid in removing carbon from
15 which is free of toxic aromatic compounds is added to the
the fly ash.
slurry. A flotation reagent is also added to the slurry, and the
Fly ash is a combustion residue generated from utilities
slurry is aerated to form a froth containing carbon. The
which bum coal, oil, or other solid fuels. It consists o f fine
carbon is then removed from the slurry. The remaining
particles o f various mineral matters and unbumed carbon.
fraction of the fly ash preferably contains less than 3% by
Electrostatic precipitators, cyclones, and baghouses are
20 weight carbon, and more preferably, less than about 1% by
commonly used to collect fly ash particles from combustion
weight carbon.
emissions. The chemical composition and particle size dis
The conditioning agent preferably comprises a biodegrad
tribution of fly ash varies widely, depending on the source of
able
oil, and is preferably selected from the group consisting
fuel, fuel preparation conditions, combustor, and combus
o f lard oil, tallow oil, tung oil, and castor oil. The condi
tion conditions. The mineral components are mostly
silicates, comprising oxides of silicon, aluminum, iron, 25 tioning agent is preferably added in an amount of from about
1 to 10 lbs/ton o f raw fly ash. The biodegradable oil renders
calcium, magnesium, potassium, sodium and others, but can
the residual carbon particles in the raw fly ash hydrophobic
also include metal oxides such as vanadium oxide.
such that when a frothing agent is added, the slurry is
The carbon content of fly ash usually varies from about
aerated, the carbon particles rise to the surface o f the
0.5 to 20%, although carbon contents o f up to 50% have
30 conditioning tank and can be skimmed off. The recovered
been reported. The content varies, depending on combustion
carbon particles may then be reused for energy production or
efficiency. In order to meet the low nitrogen oxide emissions
recycled for other applications.
requirement, many utilities have decreased the combustion
The flotation reagent functions to stabilize the air bubbles
temperature and/or oxygen supply during combustion,
formed during aeration and is preferably added in amounts
which has resulted in fly ash having a higher carbon content.
35 of from 0.01 to 10 lbs/ton of raw fly ash. Preferred flotation
However, the high carbon content in fly ash has frequently
reagents include glycols, alcohols, pine oil, ethers, and coal
limited the use of fly ash in concrete applications as the
flotation reagents.
carbon adsorbs air entraining agents in concrete and subse
Accordingly, it is a feature o f the present invention to
quently decreases the air content o f concrete, which can
provide a method for removing carbon from fly ash which
cause the concrete to crack easily during freeze and thawing
40 utilizes an environmentally friendly conditioning agent.
cycles. Therefore, it is desirable to separate carbon from fly
This, and other features and advantages of the present
ash for most applications.
invention
will become apparent from the following detailed
Froth flotation has been found to be an effective method
description, the accompanying drawing, and the appended
for the separation of carbon from fly ash. In a typical froth
claims.
flotation system, fly ash is mixed with water to form a slurry
and a flotation reagent such as oil is then added to the slurry.
While mixing, oil droplets are adsorbed and coat the carbon
particles and render them hydrophobic. Air is then intro
duced to the slurry in a froth flotation machine, and air
bubbles attach to the hydrophobic particles and carry them
to the surface o f the slurry, which is then skimmed off such
that the carbon is separated.
The selection o f flotation reagents is critical for the froth
flotation separation. Many different oils have been proposed
for use as froth flotation reagents. For example, U.S. Pat. No.
4,121,945 discloses the use o f kerosene oil; U.S. Pat. No.
4,426,282 discloses the use of mineral oil, U.S. Pat. No.
5,047,145 discloses the use o f fuel oil, and U.S. Pat. No.
5,456,363 discloses theuse of a mixture of fuel oil and
petroleum sulfonate. All of these patents are hereby incor
porated by reference generally with regard to froth flotation
processes and equipment. However, the oils disclosed in
these patents are not environmentally friendly as they are all
petroleum based and are not easily biodegradable.
Accordingly, there is still a need in the art for an envi
ronmentally friendly method o f removing carbon from fly
ash.

45

BRIEF DESCRIPTION OF THE DRAWINGS

50

FIG. 1 is a schematic illustration o f a flotation apparatus
which may be used in accordance with the method of the
present invention.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
By using an environmentally friendly conditioning agent

55 in the froth flotation process o f the present invention,
pollution resulting from the operation can be reduced or
eliminated. Further, marketability of the separation products
is enhanced. For example, the water used in the separation
process can be safely discharged to a sewage plant.
60 The conditioning agent preferably comprises a biodegrad
able oil. Environmentally friendly biodegradable oils suit
able for use in the present invention include animal and
vegetable oils including lard, tallow oil, tung oil, and castor
oil. Suitable biodegradable oils include those which are in
65 liquid form at room temperature and which can be melted at
elevated temperatures; for example, fats, waxes, lipids, etc.
Also suitable for use in the present invention are synthetic
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a slurry 14. The slurry preferably comprises about 1 to 70%
oils produced from organic materials. For example, fatty
by weight raw fly ash and from about 30 to 99% by weight
acids can be used to produce esters, amides, and anhydrides
water.
through various olysis reactions.
Next, the conditioning agent 16 is added to the slurry to
The biodegradable oils can be utilized alone or blended
together. The biodegradable oils can also be blended with 5 condition the carbon and render it hydrophobic. The condi
tioning agent may be pumped through a feed line for mixing
surfactants or other chemicals to assist their emulsification
with the slurry. The conditioning agent is preferably added
in the slurry. Emulsified biodegradable oils offer an advan
in an amount o f about 0.1 to 10 lbs/ton of raw fly ash, and
tage in that lower amounts o f oil may be used.
more preferably from about 1 to 3 lbs/ton.
The biodegradable oil renders the residual carbon par
ticles in the raw fly ash hydrophobic such that when the 10
The flotation reagent 18 is then added to the slurry. The
slurry is aerated, the carbon particles rise to the surface of
flotation reagent may also be pumped through a feed line and
is preferably added in an amount comprising 0.01 to 100
the conditioning tank and can be skimmed off.
lbs/ton o f raw fly ash.
There are a number o f commercially available flotation
reagents, or frothers, which are suitable for use in the present 1 5
An agitator or other device (not shown) may be utilized to
invention. Examples of such frothers are DOWFROTH 250,
agitate the slurry in the conditioning tank 12. The condi
which is a polypropylene glycol methyl ether, available from
tioned slurry may then be transferred to a flotation cell 20
Dow Chemical Company, Midland, Mich.; UNIFROTH
through a feed line 22. The slurry is then aerated, for
250C, which is a glycol ether-based frother available from
example, by conventional air injection or agitation. As
Huntsman Corporation, Houston, Tex.; NALCO 9847 coal 2 Q bubbles are formed and begin to rise, the carbon which has
flotation reagent or NALCO 97DU086 coal flotation frother
been made hydrophobic by the conditioning agent attaches
from Nalco Chemical Company, Naperville, 111.; and AEROto the air bubbles and is carried upward in the flotation cell
FROTH 65, 70, 73, 76, 77, 88, and 4166, all available from
to form a froth 24 which collects on the surface o f the slurry.
Cytec Industries Inc. o f Stamford, Conn.
The carbon in the froth may then be filtered and dried, and
Any conventional flotation cell apparatus is suitable for . then reused in a number of products including coke, charcoal
briquets, or as an adsorption agent. The remaining product
use in the present invention including agitation tank flotation
in the flotation cell may then be filtered and dried to form a
systems and column flotation systems. One example of a
clean ash product for use in concrete applications.
suitable apparatus is available from Denver Equipment
Division, Denver, Colo, under the tradename D-R Denver
While the method has been described herein as directed to
Flotation.
to the removal of carbon from fly ash, it should be appreciated
that the use o f the conditioning agent may also be used in the
Referring now to FIG. 1, the method of the present
removal o f carbon in the processi
invention is illustrated. First, raw fly ash containing carbon
is mixed with water either prior to or after placement in a
* * * * *
conditioning tank 12 of a flotation apparatus 10 to produce
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METHOD OF REMOVING CARBON FROM
FLY ASH

SUMMARY OF THE INVENTION

CROSS REFERENCE TO RELATED
APPLICATIONS

5

This application claims the benefit of U.S. provisional
application Ser. No. 60/092,599, filed Jul. 13, 1998,
b a c k g r o u n d o f t h e in v e n t io n

The present invention relates to a froth flotation method of
removing carbon from fly ash, and more particularly, to an
improved method which utilizes an environmentally
friendly conditioning agent to aid in removing carbon from
the fly ash.
Fly ash is a combustion residue generated from utilities
which bum coal, oil, or other solid fuels. It consists of fine
particles o f various mineral matters and unbumed carbon.
Electrostatic precipitators, cyclones, and baghouses are
commonly used to collect fly ash particles from combustion
emissions. The chemical composition and particle size dis
tribution o f fly ash varies widely, depending on die source of
fuel, fuel preparation conditions, combustor, and combus
tion conditions. The mineral components are mostly
silicates, comprising oxides of silicon, aluminum, iron,
calcium, magnesium, potassium, sodium and others, but can
also include metal oxides such as vanadium oxide.
The carbon content o f fly ash usually varies from about
0.5 to 20%, although carbon contents o f up to 50% have
been reported. The content varies, depending on combustion
efficiency. In order to meet the low nitrogen oxide emissions
requirement, many utilities have decreased the combustion
temperature and/or oxygen supply during combustion,
which has resulted in fly ash having a higher carbon content
However, the high carbon content in fly ash has frequently
limited die use of fly ash in concrete applications as the
carbon adsorbs air entraining agents in concrete and subse
quently decreases the air content of concrete, which can
cause the concrete to crack easily during freeze and thawing
cycles. Therefore, it is desirable to separate carbon from fly
ash for most applications.
Froth flotation has been found to be an effective method
for the separation of carbon from fly ash. In a typical froth
flotation system, fly ash is mixed with water to form a slurry
and a flotation reagent such as oil is then added to die slurry.
While mixing, oil droplets are adsorbed and coat the carbon
particles and render them hydrophobic. Air is then intro
duced to die slurry in a froth flotation machine, and air
bubbles attach to the hydrophobic particles and cany diem
to die surface o f the slurry, which is then skimmed off such
that the carbon is separated.
The selection of flotation reagents is critical for die froth
flotation separation. Many different oils have been proposed
for use as froth flotation reagents. For example, U.S. Pat. No.
4,121,945 discloses the use of kerosene oil; U.S. Pat. No.
4,426,282 discloses the use of mineral oil, U.S. P at No.
5,047,145 discloses the use o f fuel oil, and U.S. P at No.
5,456,363 discloses the use of a mixture of fuel oil and
petroleum sulfonate. All o f these patents arc hereby incor
porated by reference generally with regard to froth flotation
processes and equipment However, the oils disclosed in
these patents are not environmentally friendly as they are all
petroleum based and are not easily biodegradable.
Accordingly, there is still a need in the art for an envi
ronmentally friendly method of removing carbon from fly
ash.
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The present invention meets that need by providing a
froth flotation method for removal of carbon from fly ash
which utilizes an environmentally friendly conditioning
agent which contains no toxic aromatic compounds. The
resulting fly ash has a low carbon content which allows its
use in concrete and related applications, and the recovered
carbon may also be used in a number of applications.
According to one aspect of the present invention, the
method includes the steps of mixing raw fly ash containing
carbon with water to form a slurry. Preferably, the slurry
comprises from about 0.1 to 70% by weight fly ash and from
about 30 to 99% by weight water. A conditioning agent
which is free of toxic aromatic compounds is added to the
slurry. A flotation reagent is also added to the slurry, and the
slurry is aerated to form a froth containing carbon. The
carbon is then removed from the slurry. The remaining
fraction o f the fly ash preferably contains less than 3% by
weight carbon, and more preferably, less than about 1% by
weight carbon.
The conditioning agent preferably comprises a biodegrad
able oil, and is preferably selected from the group consisting
o f lard oil, tallow oil, tung oil, and castor oil. The conditioning agent is preferably added in an amount of from about
1 to 10 Ibs/ton of raw fly ash. The biodegradable oil renders
the residual carbon particles in die raw fly ash hydrophobic
such that when a frothing agent is added, the slurry is
aerated, the carbon particles rise to the surface of the
conditioning tank and can be skimmed off. The recovered
carbon particles may then be reused for energy production or
recycled for other applications.
The flotation reagent functions to stabilize die air bubbles
formed during aeration and is preferably added in amounts
of from 0.01 to 10 Ibs/ton of raw fly ash. Preferred flotation
reagents include glycols, alcohols, pine oil, ethers, and coal
flotation reagents.
Accordingly, it is a feature o f the present invention to
provide a method for removing carbon from fly ash which
utilizes an environmentally friendly conditioning agent
This, and other features and advantages o f the present
invention will become apparent from die following detailed
description, the accompanying drawing, and the appended
claims.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic illustration of a flotation apparatus
which may be used in accordance with the method of the
present invention.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
By using an environmentally friendly conditioning agent

55 in the froth flotation process o f the present invention,

pollution resulting from die operation can be reduced or
eliminated. Further, marketability of the separation products
is enhanced. For example, the water used in the separation
process can be safely discharged to a sewage plant.
60
The conditioning agent preferably comprises a biodegrad
able oil. Environmentally friendly biodegradable oils suit
able for use in the present invention include animal and
vegetable oils including lard, tallow oil, tung oil, and castor
oil. Suitable biodegradable oils include those which are in
65 liquid form at room temperature and which can be melted at
elevated temperatures; for example, fats, waxes, lipids, etc.
Also suitable for use in die present invention are synthetic
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oils produced from organic materials. For example, fatty
acids can be used to produce esters, amides, and anhydrides
through various olysis reactions.
The biodegradable oils can be utilized alone or blended
together The biodegradable oils can also be blended with
surfactants or other chemicals to assist their emulsification
in the slurry. Emulsified biodegradable oils offer an advan
tage in that lower amounts of oil may be used.
The biodegradable oil renders the residual carbon par
ticles in the raw fly ash hydrophobic such that when the
slurry is aerated, the carbon particles rise to the surface of
the conditioning tank and can be skimmed off.
There are a number of commercially available flotation
reagents, or brothers, which are suitable for use in the present
invention. Examples of such frothers are DOWFROTH 250,
which is a polypropylene glycol methyl ether, available from
Dow Chemical Company, Midland, Mich.; UNIFROTH
250C, which is a glycol ether-based froth er available from
Huntsman Corporation, Houston, Tex.; NALCO 9847 coal
flotation reagent or NALCO 97DU086 coal flotation frother
from Nalco Chemical Company, Naperville, 111.; and AEROFROTH 65, 70, 73, 76, 77, 88, and 4166, all available fiom
Cytec Industries Inc. o f Stamford, Conn.
Any conventional flotation cell apparatus is suitable for
use in the present invention including agitation tank flotation
systems and column flotation systems. One example of a
suitable apparatus is available from Denver Equipment
Division, Denver, Colo, under the tradename D-R Denver
Flotation.
Referring now to FIG. 1, the method of the present
invention is illustrated. First, raw fly ash containing carbon
is mixed with water either prior to or after placement in a
conditioning tank 12 of a flotation apparatus 10 to produce
a slurry 14. The slurry preferably comprises about 1 to 70%
by weight raw fly ash and from about 30 to 99% by weight
water.
Next, the conditioning agent 16 is added to the slurry to
condition the carbon and render it hydrophobic. The condi
tioning agent may be pumped through a feed line for mixing
with the slurry. The conditioning agent is preferably added
in an amount of about 0.1 to 10 lbs/ton of raw fly ash, and
more preferably from about 1 to 3 lbs/ton.
The flotation reagent 18 is then added to the slurry. The
flotation reagent may also be pumped through a feed line and
is preferably added in an amount comprising 0.01 to 100
lbs/ton of raw fly ash.
An agitator or other device (not shown) may be utilized to
agitate the slurry in the conditioning tank 12. The condi
tioned slurry may then be transferred to a flotation cell 20
through a feed line 22. The slurry is then aerated, for
example, by conventional air injection or agitation. As
bubbles are formed and begin to rise, the carbon which has
been made hydrophobic by the conditioning agent attaches
to the air bubbles and is carried upward in the flotation cell
to form a froth 24 which collects on the surface of the slurry.
The carbon in the froth may then be filtered and dried, and
then reused in a number of products including coke, charcoal
briquets, or as an adsorption agent. The remaining product
in the flotation cell may then be Altered and dried to form a
clean ash product for use in concrete applications.
While the method has been described herein as directed to
the removal of carbon from fly ash, it should be appreciated
that the use of the conditioning agent may also be used in the
removal of carbon in the processing of minerals or inorganic
materials such as coal and silicon carbide processing.
In order that the Invention may be more readily
understood, reference is made to the following examples,
which are intended to be illustrative of the invention, but are
not intended to be limiting in scope.

4
EXAMPLE 1
A fly ash sample from Baltimore Gas and Electric was
obtained which contained 7.41% LOI (Loss on Ignition,
5 which is almost equivalent to carbon content). About 220 g

of the sample was mixed with one liter of water in a Denver
flotation machine. About 0.1 g of lard oil was added and
mixed with the slurry. After 5 minutes of mixing, 0.15 g of
Dowfroth 250 Flotation Frother (propylene glycol methyl
io ether) was added and the mixing continued for another
minute. Air was then introduced into the machine to float the
carbon for 5 minutes. The cell product, which contained the
materials that didn’t float, was Altered, dried and designated
as the clean ash. The froth product was placed in the froth
flotation machine again and air was introduced to refloat the
15 material for another 6 minutes. The materials in the cell were
Altered, dried, and designated as the middling. The second
froth product was filtered, dried and designated as the carbon
concentrate. Analysis of these products are shown in Table
2Q 1 .
TABLE 1
P roducts
C lean A sh
M iddling
C arb o n co n cen trate

W eig h t %

L O I V.

7 7.64
9.0
13.36

0.42
126
52.13

As will be appreciated, repeated processing of the fly ash
will result in a product having a lower carbon content, and

30 repeated processing of the clean carbon will increase the
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carbon content o f the carbon concentrate.
While certain representative embodiments and details
have been shown for purposes of illustrating the invention,
it will be apparent to those skilled in the art that various
changes in the methods and apparatus disclosed herein may
be made without departing from die scope of the invention,
which is defined in the appended claims.
What is claimed is:
1. A froth flotation method for removing carbon from fly
ash comprising the steps of.
mixing raw fly ash containing carbon with water to form
a slurry,
adding a conditioning agent to said slurry, said condition
ing agent being free of toxic aromatic compounds and
said conditioning agent being selected from the group
consisting o f lard oil, tallow oil, tung oil and castor oil;
adding a flotation reagent to said slurry;
aerating said slurry to form a froth containing carbon; and
removing said carbon from said slurry.
2. The method of claim 1 wherein said slurry comprises
from about 0.1 to 70% by weight raw fly ash and from about
30 to 99% by weight water.
3. The method of claim 1 wherein said flotation reagent is
added in an amount of about 0.01 to 100 lbs/ton of raw fly
ash.
4. The method of claim 1 wherein said conditioning agent
is added in an amount of about 0.1 to 10 lbs/ton of raw fly
ash.
5. The method of claim 1 wherein the fraction of said fly
ash remaining after said carbon removal contains less titan
about 3% carbon.
6 . The method of claim 1 wherein said fraction of said fly
ash remaining after said carbon removal contains less than
about 1% carbon.

